Introduction
The tongue in mammals possesses 3 sections: root, body, and tip; it has 2 surfaces, dorsal and ventral, and 2 lateral margins that separate the dorsal and the ventral surfaces and meet rostrally in the formation of the tip of the tongue. There are mechanic and gustatory papillae on the dorsal surface of the tongue. The mechanic papillae (lenticular, filiform, and conical) help with the chewing and swallowing of foods while the gustatory papillae (vallate, fungiform, and foliate) receive the taste of foods.
The literature has reported on all the types of lingual papillae in mature pigs except the lenticular papilla (1) (2) (3) . Moreover, the marginal papillae normally seen on the lateral edges of the tip of the tongue in the fetal and perinatal periods of human, cat, dog, pig, dolphin, and certain whale species, have been documented to disappear in the postnatal period (4) (5) (6) (7) . Even though light and scanning electron microscopic (SEM) observations have been documented on the lingual papillae of the mature domestic pig, domestic pig fetus, and mature wild pig (2, 3, 8) , knowledge of the development of the lingual papillae in the wild pig fetus is limited. Therefore, this study focused on investigating peculiarities of the lingual papillae in the approximately 80-day-old fetal siblings of a wild pig using light and scanning electron microscopy techniques. Results of the study may be valuable in terms of identifying structural differences in the morphology of the lingual papillae between domestic and wild pigs, whose feeding and environmental conditions differ greatly. Furthermore, findings of the study, which is to our knowledge the first attempt to examine the morphology of the lingual papillae of the wild pig fetus, will surely contribute to the literature and future related research.
The literature has documented that the development of the tongue is almost completed in the early stages of gestation, before the end of the embryonic term (9) . By using the tongues of 80-day-old fetuses, which have completed organogenesis, we can compare the fetal data with data from mature animals.
Materials and methods
The tongues of 8 fetal siblings of a wild pig hunted by villagers were used in the study. Their ages were determined to be approximately 80 days, using crown-rump length measurements (Table) , as suggested by the studies by Henry (10) , and Evans and Sack (11) . The tongues were also macroscopically photographed (Canon Powershot, Olympus SZ).
For histological examination, the tissue samples were fixed in 10% neutral buffered formalin for 24 h.
Following routine histological procedures, the tissue samples were embedded in paraffin and sectioned into 5-μm thicknesses. Subsequently, a modified Mallory's triple staining technique (12) was applied to observe the general histologic structures of the tongues. The sections were examined under a light microscope (Olympus BX50, Japan).
For scanning electron microscopic observation, samples with a volume of 0.5 cm 3 were taken from 4 fetuses and fixed with 2.5% gluteraldehyde for 48 h. They were then immersed in phosphate buffered saline for 10 min, in 1% OsO 4 for 1 h, and in an acetone series. After critical point drying with CO 2 , the samples were finally covered with gold-palladium, and observed with a scanning electron microscope (Leica LEO 440) (13, 14) .
Nomina Anatomica Veterinaria (15) was applied for anatomical nomenclature.
Results
At gross observation (Figure 1 ), the tongues were dorsally cylindrical in shape, laterally thick and well-rounded at the root and body, and thinner at the tip. The lengths of the tongues were 43-45 mm, and the widths were 14-16 mm. There were 2 vallate papillae symmetrically located on the dorsal surface of the root of the tongue, and 2 foliate papillae placed in front of the palatoglossal arch on the lateral edge of the root of the tongue. The conical papillae were seen between the vallate papillae and the base of the epiglottis. The fungiform papillae were present on almost every aspect of the tongue except the ventral surface and the center of the dorsal surface. However, the marginal papillae were observed throughout the lateral edges of the tip of the tongue. None of the examined tongues possessed filiform papillae at the macroscopic level. 3.1. Papillae on the root of the tongue 3.1.1. Conical papillae There were numerous conical papillae ( Figure 2 ) with their blunt or sharp tips directed caudally, of 200-750 µm in length, observed on the root of the tongue. They comprised mostly round secondary tubercles located near their bases while some possessed double apices. The papillae were covered by the stratified squamous epithelium. There were undeveloped mix salivary glands located in the lamina propria layer on the base of the tongue.
Vallate papillae
The oval papillae ( Figure 3) were obliquely located longitudinally, forming a prominent angle on the root of the tongue. There were eminent tubercles and grooves on the dorsal surface of the papillae. The vallate papillae were separated from the surrounding tissue by a vallum of approximately 40 µm in width. Each papilla was encircled by an annular pad. The heights of the papillae were approximately 200 µm, and that of the vallum was nearly 60 µm.
The vallate papillae contained stratified squamous epithelium, with taste buds on the dorsal surface of the papilla and on the interior surface of the vallum. The taste buds were still at a premature stage, possessing no taste pores yet. There were also premature Ebner glands (gl. gustatoria), located submucosally beneath the vallum, comprising excretory ducts.
Foliate papillae
The foliate papillae ( Figure 4 ) were formed of 3-5 leaves with grooves in between. The surfaces of the papillae were not smooth, occasionally displaying irregular tuberous areas. Taste buds were seen on the surfaces of the leaves that face each other, but not yet containing any taste pores reaching the epithelial surface. The taste buds in the non-keratinized stratified squamous epithelium were determined not to be fully developed yet. Excretory ducts and mucous (Ebner) gustatoric glands were seen in the lamina propria. 
Papillae on both the body and the tip of the tongue

Fungiform papillae
The fungiform papillae ( Figure 5 ) were located on every aspect of the tongue except the ventral surface and the center of the dorsal surface. They were either oval or round in shape and 150-220 µm in diameter. The round ones were separated from the surrounding tissue by a shallow groove of 15-20 µm in width. The diameters and heights of the papillae increased as their numbers decreased when located caudally. Light microscopic observations revealed that the papillae were covered by stratified squamous epithelium. Each of the oval fungiform papillae had one taste bud at the tip, with taste pores. Likewise, the round fungiform papillae comprised 1-4 taste buds at the developmental stage with no taste pores. The taste buds had 2 indistinct cell types characterized by either clear (gustatoric) or dark (connective) stains.
Filiform papillae
There were no fully developed filiform papillae observed on the tongue; however, there were some tuberous structures covered by a thin keratin layer on the dorsal surface of the caudal third of the tongue ( Figure 5 ).
Papillae on the tip of the tongue 3.3.1. Marginal papillae
Numerous marginal papillae ( Figure 6 ) were present in a digital shape throughout the lateral edges of the tip of the tongue. They were enclosed by the stratified squamous epithelium. There were abundant eminent microscopic papillae in the lamina propria, projecting into the epithelial lamina. Scanning electron microscopic observations at higher magnifications ( Figure 7 ) showed that the papillae had a surface that comprised polygonal cells with thicker edges and microridges. The microridges were only fibrous in shape on all papillae except the conical papillae, which had both fibrous and pinpoint-shaped microridges.
Discussion
Several studies done on both animals and humans have revealed structural and functional peculiarities of the lingual papillae at the mature stage (5,7,16). These have also been observed in the fetal and postnatal periods of humans and animals, indicating the presence of the marginal papillae, which usually disappear later on. Furthermore, the lingual papillae of the mature domestic pig, domestic pig fetus, and mature wild pig (2, 3, 8, 17) have been documented via light and scanning electron microscopic observations. Likewise, this study investigated the morphological characteristics of the lingual papillae in wild pig fetuses using light and scanning electron microscopy techniques. Thus, the findings acquired were compared to research conducted previously on the papillae of the tongue in domestic pig fetuses.
Conical papillae, generally found in the Ruminantia (18, 19) , have also been seen on the tip of the tongue of 76-day-old pig fetuses as papilla draft (17) and have been reported on the root of the tongue, directing caudally, in mature pigs (2) . This literature has documented 2 types of conical papillae, one with wider base and a sharp point and the other with a blunt point. Our results were different from the findings of Tichy (17) but similar to those of Kumar and Bate (2); there were abundant conical papillae on the base of the tongue, pointed caudally through the pharynx. They were typically conical, possessing sharp or blunt tips and small round tubercles located near their bases. Some of the conical papillae had double apices. Mixed salivary glands in an undeveloped stage were observed in the lamina propria of the radix of the tongue, which is supported by the literature (17); however, lymph nodes documented in the lamina propria of the conical papillae in the adult domestic pig (2) were not seen in this study.
The literature has documented that the number of vallate papillae differs greatly among species (8, (20) (21) (22) (23) (24) , but it has been reported to be 2 for pigs (2, 3, 17, 25, 26) . One study indicated the presence of drafts of these papillae in 44-day-old pig fetuses. They resembled the shapes of the mature papillae on day 50 of pregnancy but possessed no developed vallum (3). The vallum began developing on day 53 and completed its development on day 64. The first taste buds began developing on day 50 on the dorsal surface of the vallate papillae and, particularly after day 64, expanded through the lateral wall of the papillae and vallum. After this stage, a few taste buds were observed on the dorsal surface of the papillae. Another report (17) indicated that the tips of the taste buds reached the epithelial surface in 76-day-old fetuses, and after day 81, taste pores developed on rare occasions. Thus, light and dark cells of the taste buds, which began differentiating after day 53 of fetal age, became evident on day 76. They were regularly observed on the taste pores after day 94.
The literature has reported tubercles and indentations at various lengths along the dorsal surface of the vallate papillae (2, 3, 17, 26) . Thin tubular secondary ducts that open out from the base of the indentations were first observed on fetal day 64 and they have been documented to disappear in mature pigs (3, 17) . In our study, there were 2 vallate papillae in the 80-day-old fetuses. They were fully developed, comprising tubercles and indentations with no secondary ducts. Taste buds with undeveloped cells were also evident, mostly on the lateral and occasionally on the dorsal surface of the papillae, but no taste pores had developed yet. The results obtained were in parallel with the findings of the literature (17) , which documented the peculiarities of the vallate papillae in nearly 80-day-old domestic pig fetuses.
The foliate papillae have been reported to first begin developing on day 57 of gestation in pig fetuses (17) . The foliate papillae present in humans and various animals (2, 22) have been documented to be composed of 4-5 leaves with deep grooves between them on the lateral edges of the root of the tongue (2, 22, 27) . Those studies also indicated the presence of pseudopapillae of various shapes and sizes on the free edges of the leaves. Their taste pores have been reported to be in the grooves and not on the surface (2) . Likewise, the results of our study on the morphology of the foliate papillae are similar to the descriptions in the literature indicated above. No taste pores were observed since development of the taste buds embedded in the nonkeratinized multilayer epithelium covering the papillae
had not yet been completed. On the other hand, excretory ducts of the secretory glands and mucous gustatory glands were demonstrated in the lamina propria.
Fungiform papillae were found scattered on almost every aspect of the tongue, and were either oval (2) or round (2, 18, 26, 28) . The oval papillae, which contained no taste buds, were mostly located on the dorsal aspect while the round ones were observed on the dorsolateral edges and possessed abundant taste buds (2) . The number of taste buds on the dorsal aspect of the papilla was observed to be either one (1) or a few (2, 25) . Another paper (25) has researched the number of taste buds in pigs, reporting that the vallate papillae have many more taste buds than the fungiform papillae do. In this study, fungiform papillae were observed on almost every surface of the tongue except the center of the dorsum lingua and the ventral surface. Some of the fungiform papillae located in front of the vallate papillae and on the caudolateral edges of the tongue were separated from the surrounding tissue by a shallow groove like the one seen in lambs (18) , goats (19) , and 2-humped camels (21) . A taste bud with taste pores was observed on the dorsal surface of the fungiform papillae that have no groove. On the other hand, the papillae with grooves had 1-4 taste buds with no developed taste pores on the dorsal surface.
A study done on pig fetuses (17) found that both the fungiform and vallate papillae begin developing roughly at the same time, and complete their morphogenesis on day 92 of gestation. Tichy (17) reported the presence of taste buds on the fungiform papillae on day 94 of gestation.
Filiform papillae have been observed on every aspect of the tongue (2, 11, 17, 18, 23) . Present as 2 forms, blunt and sharp (2), they have been reported to begin developing as irregular tubercles on day 92 of gestation in pig fetuses (26) . In our study, no typical filiform papilla were observed; however, in the histological observations, there were evident tubercles covered by thin keratinized layers observed on the dorsal surface of the caudal third region, which led us to think that they might be the drafts of these papillae.
This study has identified marginal papillae, which have also been seen in various other species including human, cat, dog, pig, whale, and dolphin (4, 5, 6, 16) . The results were similar to what the literature reports. They are known to play positive roles in sucking (7) .
Studies (9, 29) have suggested the sensory nerves have an important role in the formation of the gustatory papillae. Our study has revealed that the gustatory papillae are highly developed while the mechanical filiform papillae are not, indicating there is an earlier development of the gustatory papillae than the mechanical ones in wild pig.
Scanning electron microscopic observations at higher magnifications revealed polygonal cells with thicker edges and microridges on the lingual papillae (1, 20, 27, 30) . These cells have also been documented on the surfaces of all the papillae examined in this study. The density and size of the microridges vary among the papillae (Figure 7 ), but their count seems to be highest in the mechanical papillae. To sum up, the lingual papillae of the nearly 80-dayold wild pig fetuses have been examined using SEM and histological techniques, showing that their peculiarities are similar to the findings for domestic pig fetuses of similar ages. Except for the filiform papillae, the entire set of papillae specific to mature pigs was identified, along with the marginal papillae, which typically disappear at the mature stage. Filiform papillae, reported to begin developing at later stages (17, 26) , were not observed in the fetuses examined in this study.
